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1. 


li  Susgary; 

At  the  request  Msr  fr  A*  the  Air  jcar^jncn^  Office  of  ^uvsti 

Research^  sraoke  tunnel  irjvestigationB  of  a flap  configuration  suggested  by  the 
Chase  Aircraft  Co.  vere  made  the  £'*  x 36”  Smoke  Tunnel  located  at  the 
^’orresial  Research  Center  of  Princeton  University.  For  eotiiperlson  purposes  a 
ctud-Y  al&o  made  of  a sinilar  secticn  equipped  vlth  a standard  KACA  single- 
slot tad  fleqi.  The  smoke  tunnel  was  able  to  give  a clear  picture  of  the  action 
Vf  both  flaps  emd  to  suggest  means  of  poaeibie  Jffij^roveanent  in  the  Chase  flap 
which  when  made  resulted  in  its  performance  being  equivalent  or  slightly 
superior  to  the  atandea'd  NACA  flap.  Photographs  of  the  flow  over  the  two  flaps 
are  included. 

2.  Introduction I 

For  some  time,  there  has  been  a growing  feeling  that  the  problem  c? 
obtaining  high  lift  for  certain  types  of  ■’aircraft  has  becocse  severe  enough  to 
warrant  the  Investtgation  of  any  modification  which  holds  out  any  hope  of 
impre/wentent  of  the  situation  even  ttac»ugh  this  aodification  my  be  in  the  form 
of  a refinement  and  the  promised  impivovement  small.  Accordingly,  when  on 
Nov.  2,  1953  Princeton  University  was  contacted  by  the  Chase  A5.rcraft  Co.  it 
agreed  to  make  a x-relltainary  investigation  utilising  the  2"  x 36"  smoke  tunnel 
to  dcterjrdne  if  the  suggested  flap  modification  hnd  sufficient  merit  to 
warrant  dstailed  inveBtigat'ion.  These  tests  were  conducted  for  O.N.R.  Contract 
No.  36  cnr-27016  under  whi'.\  ®rlnceton  University  is  conducting  high  lift 
research. 

3.  Discussion: 

In  order  to  conduct  these  testa,  Chase  Aircraft  Co.  supplied  two  models  of 
the  NACA.  83OI5  type  of  2'  chord  and  2"  span  allowing  them  to  be  mounted  directly 
In  the  amoks  tunnel  utilizing  the  steuadai’d  model  mount.  These  models  were 
equipped  with  plexiglass  sides  to  permit  the  easy  viswing  of  the  flow  tiirouga 
the  fiep  tuansla  or  slots.  One  cf  these  models  was  supplied  with  the  stanSas-d 
NACA  flap,  the  other  with  the  Chase  flap. 

The  first,  tests  mndo  were  merely  exploratory  teats  raade  to  detersiine  if  the 
EiBOke  tunnel  could  ,^how  the  flow  phcnoaienB  sought  and  if  either  flap  showad  a 
mtuiced  superiority.  The  rasults  of  these  testa  indicated  that  the  omcke  tunnel 
could  in  fact  be  used  for  this  type  of  investigation  end  that  the  NACA  flap 
was  cQuaidcrably  superior  to  the  Chase  fl.sp  in  its  operaticn.  It  was  felt 
i-hat  the  Chase  flap  was  being  penalized  by  "chc  narrowncKs  of  Its  slot  and  that 
.-I  :f  the  comparison  between  the  two  were  to  be  valid  the  slot  dimenalor.s  must  b® 
vade  to  coincide.  It  vas  also  found  that  the  flow  tended  to  separate  from  the 
■.  uide  vane  as  it  was  arranged  in  the  original  design.  Wb.ea  this  was  changed 
''.I'om  the  configuration  shown  in  Fig,  .1  to  that  of  Fig.  2 so  that  it  functioned 
■13  a hood  making  the  flap  behave  easentially  like  a double  slotted  flap,  this 
reparation  w&c  to  a great  extent  avoided  and  the  flow  tendency  to  attach  tn  the 
flap  ijsproved. 


Having  made  these  preliminary  investigations  and  ad jua tajc?nte , a 
i-ysten/Etic  in'.'sstlgatlon  of  the  two  models  was  started.  Photographs  were  taken 
at  five  different  ang3.es  of  attack  for  flap  deflections  of  0°,  20°,  and  60°. 


2. 


at  eiach  flap  defleetimij  one  photograph  depicts  vbat  was  estlaated  to  V)«  the 
stall  condition.  For  conditions  other  than  tfca  stall,  the  tvo  flapped  sections 
vere  tested  at  the  saaie  angle  of  attack  to  neks  possible  a direct  eosissiftrifioo.. 
For  these  teste  the  test  section  velocity  vas  arMtrarlly  set  at  30  ’/sec. 

Figs , 3 to  12  deraonst^ate  typical  flow  photographa . Ifee  key  to  these 
photofflr?5?48  18  given  below? 
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the  phencssana  cincerasd.  Fig,  3 s'^Kparsh  the  .flov  evsr  Ihs  prci'ilecj  at  & 
moderate  ju'igie  of  attack  with  the  fiaps  o,p^  SvSs'i'fiiriavJo^;  of  <:m  upper  surface 
sPjCJWTj  Ko  3iis38nci.«ii  .lit isronc^)  i.n  the  flow  eiuuspT;  that,  tii?  profli« 
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vlth  the  NACA  flap  eeems  to  have  a olijihtly  3ater  transition  than  the  profile 
vith  th:;  Chase  f3.ap.  Tills  is  prohahly  due  to  the  fact  that  altliough  the  slot 
is  supposedly  sraied  actuelly  a flov  does  eviat  as  can  he  seen  hy  carefully 
exminlng  the  figure.  On  the  lover  surface  the  difference  is  mi*e  laarked, 

Tsie  flow  has  a stagnation  point  on  the  leading  edge  of  the  retracted  HACA 
flap  whereas  the  flow  over  the  under  surface  of  the  profile  with  the  Chase 
flap  is  ccnpletely  SEOoth.  Fig.  4 deiaonstrakes  these  saoe  phenonrsna  et  a 
higher  angle  of  ettaelt.  Again  the  profile  with  the  ??ACA  flap  aeesae  to  have  a 
fimaller  region  of  sepaj’ation  and  dcEonstrates  the  saae  stagnation  pattern  on 
the-  leading  edge  of  the  retracted  flap. 

Fig.  5 ahova  the  liroillea  again  at  a moderate  angle  of  attack,  hut  now 
with  & 20^  flap  deflection.  The  flow  over  the  upper  surfaces  of  the  profiles 
ia  essentially  the  saoe  in  the  two  cases  with  ^parently  a slightly  better 
flow  over  the  flap  equipped  with  the  Chase  modification.  A large  difference 
in  the  flow  patterns  is  seen  on  the  lower  surface,  the  flow  entering  the  Chase 
alot  ftsicothly,  hut  demonstrating  o separation  at  the  entrance  of  the  flap  sj.ot 
of  the  WACA  flap.  Fig.  6 demonstrates  the  >jeKe  flap  deflection  at  a higher 
angle  o*"  attack.  There  is  no  essential  change  in  tiwe  flow  patterns. 

Fig.  7 represents  the  case  of  moderate  angle  of  attack  and  45*^  flap 
def lection.  The  atans  general  characrtarlstics  are  deiconstrated,  the  flow  over 
the  upper  svarTace  being  eseentlally  equivalent  in  both  cases,  but  with  the 
Cba«e  TiK:difisatton  decreasing  the  region  o.f  stagnation  pressures  over  the 
under  surface  of  the  flap.  Figs.  8 to  10  demonstrate  the  effect  of  Increasing 
r-ngle  of  attack-  The  otreamliue  pattern  rejaains.  unchanged  in  its  basic 
chnractorietice , 

Figv  il  sho»«s  the  profiles  et  a zero  angle  of  attack  with  a 60®  flap 
deflection.  In  the  case  of  the  MCA  flap  it  can  be  seen  that  the  flow  is  not 
attached  to  the  upper  surface  of  the  flap  while  for  the  Chase  fltigj  It  is.  In 
this  casia  the  Chase  configuration  is  clearly  superior  in  that  the  flow  through 
the  slot  gives  a local  attachcent  (the  main  flow  is  separated).  This 
attachment  end  restriction  of  the  stagnation  region  will  probably  result  in  a 
love:'  drag  for  a given  lift.  It  will,  however,  be  seen  from  Fig,  12  that  an 
increase  in  Bng3.e  of  attack  produces  o eeparn.t.lon  over  the  fl^  so  that  the  flow 
pictures  for  the  two  cases  are  again  much  the  same. 

4,  Gonclnsions  &.  fiecorassen-dationa ; 

-—T~  - — ~ 1 - — I » ir*  u «Ti  t — i»~«i-iTi—  I 

As  far  as  can  be  detamined  from  the  smoke  tunnel  Investigations,  th-s  flov 
patterns  over  s profile  equipped  with  a sismly  slotted  flap  and  a profile  TJith 
the  Chase  modified  flap  are  very  nearly  the  same.  The  flow  over  the  lower 
surface  of  the  profile  equipped  with  the  Chase  flap  seems  considerably  cleaner 
th&n  that  of  the  NAC.A  flap,  Ilowevcr,  It  is  dangerous  to  conclude  that  with 
the  flap  ilefle-ctsd  this  will  result  in  a lover  drag  as  the  s&vliig  will  be,  a.t 
least  Tisrtially,  Icat  due  to  the  increased  skin  friction  drag  caused  by  the 
air  passiiig  through  the  long  flap  tunnel  noceseitated  by  the  Chase  flap  cieelgn. 
With  the  flap  retracted  the  Chase  flap  gives  better  lover  aiirface  flow.  However, 
aa  thi?^  in  a region  cf  favorable  pressure  gradient  and  there  is  no  danger  of 
•separation  the  advantegoe  of  sejiling  a gap  located  towards  the  rear  of  t.he  lower 
ain-iace  are  bound  to  be  less  than  fairing  a Bimilar  gap  located  on  the  upper 
■surf  act;  = 


h. 


The  concluaion  that  is  reachea,  then,  ia  that  the  perfomance  of  the  tvo 
fiarja  will  he  very  nea?:'ly  the  same.  It  is  probable  that  the  perfoxnaance  of 
the  Chase  flap  caix  be  still  further  iicprcved  by  careful  design  and  developnetit 
(possibly  by  making  f\xrther  use  of  the  sn«5ke  tumiel  for  fchio  pur^^ose)  but  it 
will  be  possible  to  determine  whether  or  not  the  added  perforaiance  is  worth 
the  added  coE[p?..exity  sund  weight  only  by  careful,  and  extended  wind  tujmel 
measurements . 
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